Expression, isolation, and characterization of an active site (serine 528----alanine) mutant of recombinant bovine prothrombin.
An active site mutant bovine prothrombin cDNA (Ser528----Ala) has been constructed, subcloned, and expressed in Chinese hamster ovary cells. The recombinant mutant prothrombin, expressed at the level of 1.5-2.0 micrograms/ml of cell medium, was fully carboxylated (9.9 +/- 0.4 mol of gamma-carboxyglutamic acid/mol of prothrombin). The mutant prothrombin could be activated to thrombin by Taipan snake venom and activated to meizothrombin by ecarin in a manner comparable to native bovine prothrombin or recombinant wild-type bovine prothrombin. The mutant meizothrombin thus formed was stable and did not autolyze. The initial rate of cleavage of mutant prothrombin catalyzed by the full prothrombinase was only 28% of the rate of cleavage of native prothrombin, while recombinant wild-type prothrombin was cleaved at the same rate as the native molecule. The mutant thrombin, obtained from the mutant prothrombin in situ by prothrombinase or Taipan snake venom activation, showed no enzymatic activity toward either fibrinogen or a synthetic chromogenic substrate, D-phenylalanyl-L-pipecolyl-L-arginine-p-nitroanilide dihydrochloride (S2238). The mutant thrombin also bound dansylarginine-N-(3-ethyl-1,5-pentanediyl)amide, a specific fluorescent inhibitor of the thrombin active site, with a weaker binding affinity (kd = 5.4 x 10(-8) M) than did native thrombin (kd = 1.7 x 10(-8) M). These results indicate that the mutant recombinant prothrombin described here is a useful tool for the study of meizothrombin or thrombin without the complications arising from the proteolytic activities of these molecules. Study of the activation of this mutant has already revealed a functional link between the site of initial cleavage by the prothrombinase and the conformation at the nascent active site of prothrombin.